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ABSTRACT 


This  report  covers  work  done  on  Contract  No.  NObsr-57448,  Index  No 
NE-U91035  ST7,  at  The  University  of  Tennessee  during  the  month  of 
October  1953 

The  following  was  accomplished 

1.  The  ar.tenna  pattern  recorder  was  installed 

2.  The  calculations  of  antenna  patterns  of  an  inclined-V  antenna  were 
completed. 

3 Work  was  continued  on  experimentally  determining  the  correct 
’eimination  to  be  used  on  the  1 2U0  Me  model  of  the  circular  traveling- 
wave  antenna  in  order  to  satisfactorily  reduce  standing  waves  on  the 
antenna 

4.  The  investigation  of  the  possibility  of  accomplishing  vertical  steeri 
of  the  antenna  beam  bv  using  two  rhombics  stacked  vertically  was  con- 
• limed 

5.  An  expression  was  derived  for  the  radiation  pattern  of  a vertii  al 
half- rhombic  mounted  over  an  earth  of  finite  conductivity. 


PART  1 


Purpose 

This  project  involves  the  development  of  a high  frequency  steerable 
antenna  having  the  following  churacterist ics 

1 It  shall  be  operable  throughout  the  frequency  range  of  4 *o  32 
megai  ycles  per  set  ond 

2.  It  shall  be  capable  of  four,  or  more,  simultaneous  transmissions 
on  different  frequencies,  and  at  different  azimuth  and  elevation 

a ngles 

3.  For  eat  h transmission,  it  shall  be  capable  of  being  directed  to  any 
azimuth  angle  and  to  any  elevation  angle  between  the  horizon  and 
30°  above  the  horizon. 

The  *.  ommumc  ation  system  shall  provide  reliable  24-hour  day-to-day 
communication  with  a 20  decibel  signal-to-noise  ratio.  The  ranges  to 
be  covered  are  from  approximately  500  nautu  al  miles  to  4000  nautical 
in  lies 


The  development  ( onsists  of  'wo  phases 

Phase  1 Theoretical  and  experimental  studies. 

Phase  11  Development  of  design  < riteria. 
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General  Factual  Data 


Personnel: 


F V Schultz 

Project  Director 

65 

Man-hours 

W E Lear 

Associate  Engineer 

47  1/4 

Man-hours 

W O.  Leffell* 

Assistant  Engineer 

20 

Man-hours 

W . J Bergm  in 

Junior  Engineer 

lbO 

Man-hours 

H.  P.  Neff 

Junior  Engineer 

17b 

Man-hours 

G R Turner 

Secy  - Draftsman 

54 

Man-hours 

L Phillips 

T ethnic  ian 

68 

Man-hours 

W.  H Williams 

Technic  lan 

lb 

Man-hours 

R.  Emmort 

Student  Computer 

34  1/2 

Man-hours 

R.  Johnson 

Student  Computer 

11  1/2 

Man  -hours 

H.  Knox 

Student  Computer 

7 2 1/2 

Man-hours 

L Lay 

Student  Computer 

7 

Man-hour  s 

W Riggins 

Student  Computer 

17  1/2 

Man-hours 

L.  Childress 

M ult  ill  th  -Operator 

2 

Man-hours 

* Prep  t r.»t ion  of  antenna  test  fac  ility. 
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Detail  Factual  Data 


1 The  antenna  pattern  recorder  was  installed  and  it  is  now  operating 
satisfactorily.  This  completes  the  initial  development  of  the  antenna 
test  facility;  further  work  on  the  facility  will  be  in  the  nature  of  refine- 
ments or  modifications.  Photographs  of  the  installation  will  be  included 
in  the  next  interim  report. 

2 The  limited  investigation  of  inclined-V,  or  Maypole,  antennas  was 

completed.  Calculations  were  made  of  the  vertical  pattern  through  the 
plane  of  symmetry  of  the  antenna  to  show  the  variation  in  this  pattern 
when  one  of  the  following  three  antenna  parameters  is  varied  and  the 
other  two  are  held  constant:  leg  length  (•£),  height  (h)  and  included 

angle  (2T).  The  results  are  shown  in  Figures  1 to  16,  inclusive. 

No  further  work  is  planned  on  this  antenna  type  since  it  has  been 
learned  that  another  laboratory  is  investigating  the  antenna.  The  work 
herein  reported,  however,  does  not  duplicate  any  work  done  by  the  other 
laborato  ry. 

3.  The  experimental  work  of  determining  a correct  termination  for 
the  « ire  ular  traveling-wave  antenna  was  continued.  A frequency- 
sensitive  termination  was  developed  which  resulted  in  a variation  in 
current  of  only  about  plus  or  minus  1.5  db  over  the  length  of  the  antenna. 
This  is  approaching  the  limits  of  accuracy  of  the  measurements  and  it 
is  doubtful  if  'he  current  distribution  can  be  made  more  uniform.  The 
relative  current  distribution  on  the  antenna  was  determined  by  using  a 
shielded  loop  A dissipation  line  will  now  be  constructed  having  a 
characteristic  impedance  as  rlose  as  possible  to  the  value  of  the  above 
mentioned  termination  so  tha*  the  antenna  will  be  correctly  terminated 
over  a rather  wide  hand  of  frequencies  and  radiation  patterns  ran  be 
determined  over  this  frequency  band. 

A The  investigation  of  the  possibility  of  accomplishing  vertical  steering 
of  the1  antenna  beam  by  using  two  rhombics  stacked  vertically  was  con- 
tinued By  using  two  rhombics  of  the  same  si^e  and  shape,  cane  above  the 
other  it  has  been  found  possible,  so  far  to  obtain  only  about  ten  degrees 
of  steer  ing  without  serious  pattern  deterioration.  There  are  several 
variations  yet  to  be  investigated  which  may  result  in  better  performance? 
in  this  regard. 

5.  An  expression  was  derived  for  the  radiation  pattern  of  a vertical 
half-rhombic  antenna  mounted  over  an  earth  of  finite  conductivity  Cal- 
i ulations  of  a typical  pattern  are  underway,  but  the  expression  is  highly 
complicated  so  the  calculations  are  long  and  involved. 
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Conclusions: 


Figures  1 through  6 show  the  variation  in  the  vertical  pattern, 
through  the  plane  of  symmetry  of  the  inclined-V  antenna,  as  the  antenna 
height  (h)  is  increased  from  0.  125X  to  1.  25X,  the  leg  length  (£)  being 
held  constant  at  4X  and  the  half-included  angle  (T  ) held  at  25°.  These 
curves  show  that  the  optimum  height  is  about  0 731X,  for  the  particular 
values  of^  and  T used,  these  in  turn  being  approximately  optimum 
values.  Not  much  variation  in  h can  be  allowed  without  rather  serious 
pattern  deterioration. 

Figures  7 through  12  illustrate  the  effect  on  the  pattern  of  varying 
the  half-included  angle  (T  ),  h and  /.  being  held  constant  at  their  approx- 
imate optimum  values.  It  is  evident  that  the  optimum  value  of  T is 
about  25°,  for  the  constant  values  of  A.  and  h used,  but  rather  wide 
variations  from  this  value  of  T are  allowable  without  much  pattern  de- 
terioration. It  is  also  noticeable  that  the  larger  values  of  T result  in 
the  main  lobe  being  at  a slightly  lower  elevation  angle. 

The  effect  of  varying  £ , with  h and  T being  held  at  their  approxi- 
mately optimum  values,  can  be  seen  from  Figures  13  to  16,  inclusive. 
These  curves  show  that  should  be  about  4X,  although  a value  of  6X 
gives  quite  a satisfactory  pattern.  It  is  to  be  observed  that  as  & varies 
from  2X  to  8X,  the  vertical  angle  of  steering  of  the  main  beam  goes  from 
about  24°  down  to  12.5°. 
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1 . Development  of  Field  Test 

Facilities. 

b. 


Study  of  Propagation  Problem, 
a.  Investigation  of  paths  lying 
entirely  in  night  region. 
Investigation  of  paths  lying 
entirely  in  day  region. 
Investigation  of  paths  lying 
part ly  in  day  and  partly  in 
night  region 

Investigation  of  auroral  re- 
fraction. 

Investigation  of  angles-of^arrival 


d. 


e. 


Determination  of  Suitable  Antenna 
Type  or  Types. 

a.  Search  of  literature 

b.  Theoretical  study. 


Detailed  Theoretical  and  Experi- 
mental Investigation  cf  Most 
Promising  Antenna  Types. 

Development  of  Network  System 
Suitable  for  Driving  Array. 

Experimental  Study  of  Final 
A rr.iv. 


Preparation  of  Phase  Report. 


PART  II 


Program  for  Next  Interval 

1.  The  task  of  correctly  terminating  the  circular  traveling-wave 
antenna  will  be  continued.  It  is  possible  that  pattern  measurements 
will  be  made  late  in  the  month. 

2 The  investigation  of  the  results  achievable  by  the  use  of  rhombics 
stacked  vertically  will  be  continued. 

3.  Calculations  of  a typical  pattern  of  a vertical  half-rhombic  mounted 
over  a earth  of  finite  conductivity  will  continue. 
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